as type I and type II, respectively. Type I is a polymicrobial infection involving 90 aerobic and anaerobic organisms and, depending of the study, is either less or 91 equally prevalent to type II (1). Type II is a monomicrobial infection caused by 92 group A Streptococcus (GAS) and to a lesser extent by Staphylococcus aureus 93 (SA), notably methicilin-resistant S. aureus (MRSA) (3). Although SA is a 94 common cause of superficial SSTI and cellulitis (4), the exact prevalence of SA 95 in NSTI is difficult to assess, principally because of the lack of prospective 96 controlled population-based studies. Myositis has been reported as "an 97 unexpected finding" in SA NSTI cases (3) and SA is typically an agent of 98 pyomyositis, notably in tropical countries (5) (6) (7) (8) . Altogether, these 99 epidemiological reports suggest a particular tropism and pathogenesis of SA for 100 the skeletal muscles. The aim of the present study was to investigate and 101 compare the invasiveness of muscle cells by SA and GAS as the two major 102 species responsible for type II NSTI. We showed that SA displays a unique revealed a major contribution of FnbpAB. Indeed, while the single fnbA and B 152 mutants had no significant phenotype, the double mutant delta-fnbAB was 153 internalized 1000-fold less (internalization reduced by 99.999%) than the wild 154 type (WT) strain (Fig. 3) . The major impact of FnpbAB was confirmed by using 155 another fnbAB double mutant in strain 8325-4 (DU5883) (not shown). Other 156 adhesins also contributed to some extent to internalization into myoblast: 157 mutants in atl, gap, clfA and tet38 were impaired in internalization by 71%, 158 27.4%, 25% and 24.6 %, respectively, as compared to the WT strain. (Fig. 3) .
160
Myoblasts express increased level of Integrin α5β1. To investigate the 161 cellular basis of high internalization rate of SA in myoblasts (ca 30-40%) as 162 compared to keratinocytes (ca 2%), we analyzed the expression of integrin α5β1 163 (the major target of FnbpAB internalization pathway) on human keratinocyte and 164 myoblasts. Flow cytometry analysis by using an anti-α5β1 antibody showed a 165 greater expression of the α5β1 integrin at the surface of myoblasts as compared 166 to keratinocytes (Fig. 4A ). Next, the transcription of integrin α5β1 as well as 167 other eukaryotic surface receptors involved in S. aureus internalization (9) was 168 evaluated by RT-qPCR in the two cell lines. The integrin α5β1 displayed 169 contrasting results: whilst integrin β1 was expressed at the same level in both 170 cell lines, integrin α5 was expressed three times more in myoblasts. The 171 expression of integrin β1 was at least 20 times higher than integrin α5,
172
implicating integrin α5 as the limiting partner of the heterodimer (Fig. 4B ).
173
Altogether, flow cytometry and RT-qPCR results suggest that functional α5β1 is expressed at higher level in myoblasts as compared to keratinocytes. Finally, 175 the major role of integrin α5β1 pathway for SA internalization into myoblasts was 176 confirmed by preincubation of cells with anti-α5β1 antibodies before being 177 challenged by SA, which reduced internalization by more than 65% (Fig. S2) .
178
In addition, the transcription of all other cellular receptors known to be involved 179 in SA internalization (IntegrinaV, Integrinb3, Hsc70, Annexin 2, Hsp60, CD36, 180 gp340) (9) was studied. Increased expression tendancy was generally observed 181 in myoblast as compared to keratinocytes ( Fig. S3 ). Altogether, these results 182 strongly suggest that the higher internalization of SA in myoblast compared to 183 keratinocytes is mediated by various pathways with a preeminence of the FnBP-
184
Fibronectin-α5β1 integrin-mediated pathway.
186
Intracellular RNAIII and psma transcript levels correlate with cytotoxicity 187 of NSTI-SA. Since the level of internalization in a given cell type does not inform 188 about the fate of internalized bacteria (i.e. dormancy versus cytotoxicity), the 189 toxicity associated with bacterial internalization was estimated at 24h post-190 infection by the lactate dehydrogenase (LDH) quantification. NSTI-SA and BSI-
191
SA were as cytotoxic as GAS on keratinocytes; of note CNS were significantly 192 less cytotoxic toward this cell line than other bacterial groups. The most 193 noticeable cytotoxic effect of NSTI-SA was observed on murine and human 194 myoblasts as compared to all other groups, namely NSTI-GAS, CNS, and 195 unexpectedly BSI-SA. (Fig. 5 ). Of note, the culture supernatant from SA and 196 GAS cultures did not produce cytotoxicity on keratinocytes and myoblasts (Fig 197 S4) , assessing that the observed cytotoxicity was not caused by toxins or other 198 products released by the bacteria. To elucidate the basis of higher cytotoxicity 199 for myoblasts of NSTI-SA as compared to BSI-SA, the level of the major 200 effectors of intracellular S. aureus cytotoxicity, namely PSMa, Hla, Ldh and Agr-201 RNAIII (10, 11) were assessed by RT-qPCR. The levels of RNAIII and psma 202 were significantly higher in NSTI-SA strains as compared to BSI-SA in 203 intracellular conditions into human myoblasts ( Fig. 6 ) as well as from planktonic 204 culture (data not shown). In contrast, the level of hla and ldh transcript were not 205 significantly different between the two groups.
207
Differences in cytoxicity between NSTI-SA and BSI-SA is not resolved at 208 the genomic level.
209
In order to confirm that the differences between NSTI-SA and BSI-SA isolates 210 in RNAIII and psma expression were not related to a genomic bias, a genomic 211 analysis was conducted on the 30 S. aureus strains. Phylogenetic analysis 212 based on core-genome confirmed that NSTI and hematogenous strains were 213 phylogenetically entangled ( Fig. S5 ). Virulence factor distribution assessed by 214 micro-array or WGS was not contributive to distinguish NSTI-SA from BSI-SA 215 isolates (Table 2) . Notably, there was no virulence factors discriminating the two 216 groups. Detailed genomic could not identify discriminant marker between the 217 two groups either considering genomic determinants presence/absence 218 (including ncRNA, virulence genes,…) or single nucleotide polymorphism 219 (SNPs) (Text. S1).
220

Discussion
222
Necrotizing fasciitis is a rare disease that involves superficial fascia and results 223 in the extensive damage and necrosis of the surrounding tissue including 224 muscle. In the present study we show that SA may contribute to this disease by 225 its unique propensity to invade muscle cells and consequently trigger cell death, 226 a property that is not seen in GAS from NSTI patients. Interestingly, this unique 227 capacity of S. aureus to invade myoblast and myotube from both mice and 228 human origin is uncommon, as neither CNS nor GAS did internalize in those 229 cells to such efficiency. Moreover, to our knowledge, there is no other type of myoblast is a higher cytotoxicity to these cells, and not, as observed in other 245 setting a reduced cytotoxicity associated with high internalization rate (11).
246
Virulence factors that could be associated with NSTI-SA have been largely 247 debated, Panton Valentine Leucocidin being frequently reported in US studies 248 involving community-acquired MRSA USA300 (3). Other cases associated with 249 tst-(16) or with egc-encoding isolates were reported (17), reminiscent of the 250 involvement of superantigens in severe GAS tissue infections (18). Noticeably, 251 the 9 NSTI-SA strains of the present study were not clonally related; none of 252 these were MRSA and a single one was PVL-positive (Table 2) . Their genetic 253 content regarding virulence factors including superantigens was not significantly 254 different from the BSI-SA strains that represent another major invasive disease 255 (Table 2) . WGS comparison by multiple approaches could not discriminate the 256 two diseases isolate groups (Text S1). This lack of discrimination might be 257 caused by the small size of the NSTI group leading to insufficient statistical 258 power. However, the observation that BSI-SA were less cytotoxic than NSTI-SA 259 with similar internalization rate ( Fig. 5) , is in accordance with previous studies
260
showing that skin and soft tissue infection isolates produce more PSMα (as 261 observed in our study with NSTI isolates) than infective endocarditis or hospital-262 acquired pneumonia isolates (19) . This is also reminiscent of previous 263 observation suggesting an association between low-toxicity and bacteraemia 264 (20): It has been hypothesized that such invasive bloodstream infections limit 265 the opportunities for onward transmission, whilst highly toxic strains associated 266 with skin infections could gain an additional between-host fitness advantage, 267 potentially contributing to the maintenance of toxicity at the population level (20).
268
Altogether this analysis reveal that despite similar virulence factor repertoire,
269
NSTI-SA and BSI-SA isolates differ in their phenotypic expression of virulence 270 and may thus be considered as different pathovars.
271
The respective contribution of GAS and SA to NSTI is a matter of debate. Of 272 note, the four strains of GAS isolated from NSTI patients, despite being isolated 273 from very severe cases of NSTI, did not present a strong invasive capacity for 274 muscle cells in vitro. This result is counter-intuitive given the involvement of 275 epidermis, dermis, subcutaneous tissue, fascia, and muscle in GAS-NSTI (1).
276
This suggests that the muscle involvement in GAS NSTI does not result from 277 bacterial invasion of muscle cells whilst it could be the cases for SA-NSTI when 278 muscle involvement occurs as described (3). However, if the muscle destruction 279 seen in GAS-NSTI is not caused by direct intracellular toxicity of GAS, it is likely 280 not caused either by the toxicity of secreted enzymes and toxins for the muscle 281 cells, as culture supernatant neither from GAS nor from SA had any significant 282 toxicity on cultured myoblasts. It is thus more likely that muscle necrosis in GAS-
283
NSTI results from vascular occlusion secondary to platelet-leukocytes 284 aggregation in response to infection of the adjacent anatomical skin and soft 285 tissue structures.
286
In conclusion, our results uncover new insight into the pathophysiology of GAS 287 and SA-NSTI and provide a new cellular basis for the contribution of S. aureus 288 to pathogenesis of NSTI and other deep-seated infection involving the muscle.
289
It also sustains the potential synergy of GAS and SA in NSTI, a situation that is 290 not uncommon (2, 21). It advocates for future prospective clinical study 291 systematically depicting the anatomical tissue layers of infection according to 292 the micro-organisms. 
322
Non aureus-staphylococci were type strains of the most frequently isolated CNS 323 species. Strains USA300 JE2 and several transposons insertion mutants in 324 genes encoding proteins potentially involved in internalization (atl, clfA, sdrD, 325 tet38, gap, strA, strB) were retrieved from the public Nebraska library (24) with 326 substantial help of Ken Bayles. In-frame deletion of the fnbA, fnbB and double 327 mutant in the SF8300 background were performed as described previously (25, 328 26) using the pKOR1 allelic replacement mutagenesis system and the primers 329 shown in Table S2 in the supplemental material. Laboratory strains and 330 plasmids are listed in Table S1 . All strains were cultured in Brain-Heart infusion 
366
The intracellular infection of cells was performed using gentamycin protection 367 assay as described elsewhere with modifications (33). Cells were seeded at 368 80,000 cells/well in 24-well plates and incubated at 37°C with 5% CO2 for 24 h Cells lines were infected as described above. After the first antibiotic treatment, 398 cells and bacteria were harvested by trypsin detachment and centrifugation.
399
Pellet was treated with 20 μg lysostaphin (1 mg/ml) and RNA isolation was 
